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(54) Magnetic core comprising a bond magnet including magnetic powder whose particle’s
surface is coated with oxidation-resistant metal

(57)  Disposed in a magnetic gap of a magnetic core, sistant metal. In order to enable a surface-mount to re-
a magnetically biasing permanent magnet is a bond flow, the rare-earth magnetic powder may have the in-
magnet comprising rare-earth magnetic powder and a trinsic coercive force of 10kOe or more, the Curie tem-
binder resin. The rare-earth magnetic powder has an in- perature of 500°C and the average particle size of
trinsic coercive force of 5kOe or more, a Curie temper- 2.5-50um. In addition, to prevent specific resistance
ature of 300°C or more, and an average particle size of from degrading, the metallic layer desirably may be
2.0-50um. The rare-earth magnetic power has a surface coated with a glass layer consisting of low-melting glass
coated with a metallic layer containing an oxidation-re- having a softening point less than a melting point of the

oxidation-resistant metal.
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Description

Background of the Invention:

[0001] This invention relates to a magnetic core (which will hereinunder be often referred to as "core" simply) which
is used in an inductance element such as a choke coil and a transformer for use in a switching power supply or the
like and, in particular, to a magnetic core comprising a permanent magnet for magnetically biasing.

[0002] In a choke coke and a transformer used in, for example, a switching power supply or the like, a voltage is
usually applied thereto with an AC component superposed to a DC component. Therefore, a magnetic core used in
those choke coil and transformer is required to have a magnetic characteristic of a good magnetic permeability so that
the core is not magnetically saturated by the superposition of the DC component. This magnetic characteristic will be
referred to as "DC superposition characteristic" or simply "superposition characteristic" in the art.

[0003] As magnetic cores in application fields within high frequency bands, there have been used a ferrite magnetic
core and a dust magnetic core. These magnetic cores have individual features due to physical properties of their
materials. That is, the ferrite magnetic core has a high intrinsic magnetic permeability and a low saturated magnetic
flux density while the dust magnetic core has a low intrinsic magnetic permeability and a high saturated magnetic flux
density. Accordingly, the dust magnetic core is often used as one having a toroidal shape. On the other hand, the ferrite
magnetic core has an E-shape core part having a central leg formed with a magnetic gap so as to prevent magnetic
saturation from being caused by the superposition of the DC component.

[0004] Recently, since electronic parts are required to be small-sized as electronic devices are more compact-sized,
the magnetic core with the magnetic gap is small-sized too. So, there is a strong demand for magnetic cores having
an increased magnetic permeability against superposition of DC component.

[0005] Generally, it is necessary for the demand to select a magnetic core having a high saturation magnetization,
that is, to select a magnetic core that is not magnetically saturated by a high magnetic field applied. However, the
saturation magnetization is inevitably determined by materials and cannot be made as high as desired.

[0006] As a solution, it has been conventionally proposed to dispose a permanent magnet in a magnetic gap formed
in a magnetic path of a magnetic core, that is, to magnetically bias the magnetic core, to thereby cancel a DC magnetic
flux caused by the superposition of DC component.

[0007] The magnetic bias by use of the permanent magnet is a good solution to improve the DC superposition char-
acteristic. However, this method have hardly been brought into a practical use for reasons as follows. More specifically,
use of a sintered metallic magnet resulted in considerable increase of a core loss of the magnetic core. In addition,
use of a ferrite magnet led in unstable superposition characteristic.

[0008] Means to resolve the problems is disclosed, for example, in Japanese Unexamined Patent Publication No.
S50-133453 or JP 50-133453 A. This Publication uses, as a magnetically biasing magnet, a bond magnet comprising
rare-earth magnetic powder with a high magnetic coercive force and binder which are mixed together with each other
and compacted into a shape. Thereby, the DC superposition characteristic and temperature elevation of the core are
improved.

[0009] Recently, a power supply has been more and more strongly required to improve its power transformation
efficiency. Accordingly, this requirement has been became to a high level that it is difficult to determine good and bad
of magnetic cores for choke coils and transformers by core temperatures measured. It is therefore inevitable to deter-
mine it from core loss data measured by use of a core-loss measuring device. According to the study by the present
inventors, it was confirmed that the core loss has a degraded value in cores having the resistance value disclosed in
JP 50-133453 A.

Summary of the Invention:

[0010] It is therefore a first object of this invention to provide, in a magnetic core which has at least one magnetic
gap formed in a magnetic path and which comprises a magnetically biasing magnet disposed in the vicinity of the
magnetic gap for providing a magnetic bias from opposite ends of the magnetic gap to the core, easily and cheaply
the magnetic core having an excellent DC superposition characteristic and an excellent core-loss characteristic in
consideration of the above description.

[0011] In addition, there have recently been demands for coil parts of a surface-mounted type. Those coil parts are
subjected to reflow soldering process so as to be surface-mounted on a circuit board. It is desired that a magnetic core
of the coil part be not degraded in its magnetic properties under conditions of the reflow soldering process. Further,
an oxidation-resistant rare-earth magnet is indispensable.

[0012] It is a second object of this invention to provide, in a magnetic core which has at least one magnetic gap
formed in a magnetic path and which comprises a magnetically biasing magnet disposed in the vicinity of the magnetic
gap for providing a magnetic bias from opposite ends of the magnetic gap to the core, easily and cheaply the magnetic
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core which has an excellent DC superposition characteristic, an excellent core-loss characteristic, and oxidation re-
sistance without affecting the characteristics under conditions of the reflow soldering process in consideration of the
above description.

[0013] Furthermore, itis desired that not only magnetic powder has an improved oxidation resistance but also a rare-
earth magnet has a high specific resistance.

[0014] Itis a third object of this invention to provide, in a magnetic core which has at least one magnetic gap formed
in a magnetic path and which comprises a magnetically biasing magnet disposed in the vicinity of the magnetic gap
for providing a magnetic bias from opposite ends of the magnetic gap to the core, easily and cheaply the magnetic
core which has an excellent DC superposition characteristic, an excellent core-loss characteristic, oxidation resistance,
and a high specific resistance in consideration of the above description.

[0015] According to a first aspect of this invention, in order to achieve the above-mentioned first object in a magnetic
core which has at least one magnetic gap formed in a magnetic path and which comprises a magnetically biasing
magnet disposed in the vicinity of the magnetic gap for providing a magnetic bias from opposite ends of the magnetic
gap to the core, there is provided the magnetic core comprising the magnetically biasing magnet, wherein the mag-
netically biasing magnet comprises a bond magnet comprising rare-earth magnetic powder and a binder resin, the
rare-earth magnetic powder has an intrinsic coercive force of 5 kOe or more, a Curie temperature of 300°C or more,
and an average particle size of 2.0-50 um, and the rare-earth magnetic powder consists of an aggregation of magnetic
particles surfaced with a coating of a metallic layer containing an oxidation-resistant metal.

[0016] Preferably, the oxidation-resistant metal may be, for example, at least one metal or alloy thereof selected from
a group of zinc, aluminum, bismuth, gallium, indium, magnesium, lead, antimony, tin.

[0017] Preferably, the bond magnet may comprise the binder resin content thereof which is 20% or more on the base
of a volumetric percentage and the bond magnet may have a specific resistance of 1 Q < cm or more. The binder resin
may be polyamideimide resin.

[0018] In addition, the magnetic powder preferably may comprise the oxidation-resistant metal content thereof which
is 0.1-10% on the base of a volumetric percentage.

[0019] Furthermore, it is possible to obtain an inductance part by winding at least one winding by one or more turns
on the above-mentioned magnetic core comprising the magnetically biasing magnet.

[0020] In addition, the inductance part includes a coil, a choke coil, a transformer, and other parts each of which
generally essentially comprises a core and winding or windings.

[0021] According to a second aspect of this invention, in order to achieve the above-mentioned second object in a
magnetic core which has at least one magnetic gap formed in a magnetic path and which comprises a magnetically
biasing magnet disposed in the vicinity of the magnetic gap for providing a magnetic bias from opposite ends of the
magnetic gap to the core, there is provided the magnetic core comprising the magnetically biasing magnet, wherein
the magnetically biasing magnet comprises a bond magnet which comprises rare-earth magnetic powder and a binder
resin, the rare-earth magnetic powder has an intrinsic coercive force of 10 kOe or more, a Curie temperature of 500°C
or more, and an average particle size of 2.5-50 um, and the rare-earth magnetic power consists of an aggregation of
magnetic particles surfaced with a coating of a metallic layer containing an oxidation-resistant metal.

[0022] Preferably, the oxidation-resistant metal may be, for example, at least one metal or alloy thereof selected from
a group of zinc, aluminum, bismuth, gallium, indium, magnesium, lead, antimony, tin.

[0023] Preferably, the bond magnet may comprise the binder resin content thereof which is 30% or more on the base
of a volumetric percentage and the bond magnet may have a specific resistance of 1 Q « cm or more. The binder resin
may be polyamideimide resin.

[0024] In addition, the magnetic powder preferably may comprise the oxidation-resistant metal content thereof which
is 0.1-10% on the base of a volumetric percentage.

[0025] Furthermore, it is possible to obtain an inductance part by winding at least one winding by one or more turns
on the above-mentioned magnetic core comprising the magnetically biasing magnet.

[0026] In addition, the inductance part includes a coil, a choke coil, a transformer, and other parts each of which
generally essentially comprises a core and winding or windings.

[0027] According to a third aspect of this invention, in order to achieve the above-mentioned third object in a magnetic
core which has at least one magnetic gap formed in a magnetic path and which comprises a magnetically biasing
magnet disposed in the vicinity of the magnetic gap for providing a magnetic bias from opposite ends of the magnetic
gap to the core, there is provided the magnetic core comprising the magnetically biasing magnet, wherein the mag-
netically biasing magnet comprises a bond magnet which comprises rare-earth magnetic powder and a binder resin,
the rare-earth magnetic powder has an intrinsic coercive force of 10 kOe or more, a Curie temperature of 500°C or
more, and an average particle size of 2.5-50 um, the bond magnet comprises the binder resin content thereof which
is 30% or more on the base of a volumetric percentage, the bond magnet has a specific resistance of 1 Q « cm or more,
and the rare-earth magnetic power consists of an aggregation of magnetic particles surfaced with a coating of a metallic
layer containing an oxidation-resistant metal, the metallic layer is surfaced with a coating of a glass layer consisting of
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low-melting glass having a softening point which is lower than a melting point of the oxidation-resistant metal.

[0028] Preferably, the oxidation-resistant metal may be, for example, at least one metal or alloy thereof selected from
a group of zinc, aluminum, bismuth, gallium, indium, magnesium, lead, antimony, tin.

[0029] Preferably, the magnetic powder may comprise the oxidation-resistant metal and the said low-melting glass
total content thereof which is 0.1-10% on the base of a volumetric percentage. The said binder resin may be polyami-
deimide resin.

[0030] Furthermore, it is possible to obtain an inductance part by winding at least one winding by one or more turns
on the above-mentioned magnetic core comprising the magnetically biasing magnet.

[0031] In addition, the inductance part includes a coil, a choke coil, a transformer, and other parts each of which
generally essentially comprises a core and winding or windings.

[0032] The present co-inventors first studied a permanent magnet to be inserted to achieve the above-mentioned
first object of this invention. The co-inventors resultantly obtained a knowledge that a use of a permanent magnet
having a specific resistance of 1 Q « cm or more and an intrinsic coercive force iHc of 5 kOe or more can provide a
magnetic core which has an excellent DC superposition characteristic and a non-degraded core-loss characteristic.
This means that the property of the magnet necessary for obtaining an excellent DC superposition characteristic is the
intrinsic coercive force rather than the energy product. Thus, this invention is based on the findings that it is possible
to provide a sufficient high DC superposition characteristic if a permanent magnet has a high intrinsic coercive force
although the permanent magnet having a high specific resistance is used.

[0033] The permanent magnet having a high specific resistance and a high intrinsic coercive force can be generally
realized by a rare-earth bond magnet which is formed of rare-earth magnetic powder and a binder mixed together,
then compacted. However, the magnetic powder used may be any kind of magnetic powder having a high coercive
force. The rare-earth magnetic powder includes SmCo series, NdFeB series, SmFeN series, and other.

[0034] A magnetic core for a choke coil or a transformer can be effectively made of any kind of materials which have
a soft magnetism. Generally speaking, the materials include ferrite of MnZn series or NiZn series, dust magnetic core,
silicon steel plate, amorphous or others. Further, the magnetic core is not limited to a special shape but this invention
can be applicable to a magnetic core having a different shape such as toroidal core, E-E core, E-| core or others. Each
of these magnetic cores has at least one magnetic gap in its magnetic path in which gap the permanent magnet is
disposed.

[0035] Although the gap is not restricted in a length thereof, the DC superposition characteristic is degraded when
the gap length is excessively small. When the gap length is, on the other hand, excessively large, the permeability is
lowered. Accordingly, the gap length is determined automatically. Although it is easily possible to obtain a bias effect
if a magnetically biasing permanent magnet has a larger thickness, the magnetically biasing permanent magnet pref-
erably may have a smaller thickness for miniaturization of a magnetic core. However, it is difficult to obtain a sufficient
magnetic bias if the thickness of the magnetically biasing permanent magnet is smaller than 50 um. Accordingly, a
length of 50 um or more is required for the magnetic gap in which the magnetically biasing permanent magnet is
disposed and a length of 10000 um or less may be preferable in respect of restraint of a size in the core.

[0036] As regards a requirement character for a permanent magnet inserted in a magnetic gap, an intrinsic coercive
force of 5 kOe or more is required. This is because a coercive force disappears caused by a DC magnetic field applied
to a magnetic core if the intrinsic coercive force is 5 kOe or less. In addition, although a specific resistance preferably
may be high, degradation of a core-loss is not caused by the specific resistance if the specific resistance has 1 Q « cm
or more. In addition, the average particle size of the magnetic powder is desired 50 um or less at the maximum because
the use of the magnetic powder having the average particle size larger than 50 um results in degradation of the core-
loss characteristic. While the minimum value of the average particle size is required 2.0 um or more because the
powder having the average particle size less than 2.0 um is significant in magnetization reduction due to oxidation of
particle caused by grinding.

[0037] Herein, in order to improve oxidation resistance in magnetic powder, the magnetic powder desirably may
consist of an aggregation of magnetic particles surfaced with a coating of an oxidation-resistant metal which is at least
one metal or alloy thereof selected from a group of zinc, aluminum, bismuth, gallium, indium, magnesium, lead, anti-
mony, tin. Itis possible to obtain a magnetic core which copes with both oxidation resistance and a high DC superposition
characteristic if the amount of the oxidation-resistant metal lies between 0.1-10% on the base of volumetric percentage.
[0038] In addition, the present co-inventors studied a permanent magnet to be inserted to achieve the above-men-
tioned second object of this invention. The co-inventors resultantly obtained a knowledge that a use of a permanent
magnet having a specific resistance of 1 Q « cm or more and an intrinsic coercive force iHc of 10 kOe or more can
provide a magnetic core which has an excellent DC superposition characteristic and a non-degraded core-loss char-
acteristic. This means that the property of the magnet necessary for obtaining an excellent DC superposition charac-
teristic is the intrinsic coercive force rather than the energy product. Thus, this invention is based on the findings that
it is possible to provide a sufficient high DC superposition characteristic if a permanent magnet has a high intrinsic
coercive force although the permanent magnet having a high specific resistance is used.
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[0039] The permanent magnet having a high specific resistance and a high intrinsic coercive force can be generally
realized by a rare-earth bond magnet which is formed of rare-earth magnetic powder and a binder mixed together,
then compacted. However, the magnetic powder used may be any kind of magnetic powder having a high coercive
force. Although the rare-earth magnetic powder includes SmCo series, NdFeB series, SmFeN series, and other, in the
present circumstances, it is restricted to Sm,Co,; series magnet because a magnet having a Curie temperature Tc of
500°C and a coercive force of 10 kOe or more is required in consideration of conditions of the reflow soldering process
and the oxidation resistance.

[0040] A magnetic core for a choke coil or a transformer can be effectively made of any kind of materials which have
a soft magnetism. Generally speaking, the materials include ferrite of MnZn series or NiZn series, dust magnetic core,
silicon steel plate, amorphous or others. Further, the magnetic core is not limited to a special shape but this invention
can be applicable to a magnetic core having a different shape such as toroidal core, E-E core, E-I core or others. Each
of these magnetic cores has at least one magnetic gap in its magnetic path in which gap the permanent magnet is
disposed.

[0041] Although the gap is not restricted in a length thereof, the DC superposition characteristic is degraded when
the gap length is excessively small. When the gap length is, on the other hand, excessively large, the permeability is
lowered. Accordingly, the gap length is determined automatically. Although it is easily possible to obtain a bias effect
if a magnetically biasing permanent magnet has a larger thickness, the magnetically biasing permanent magnet pref-
erably may have a smaller thickness for miniaturization of a magnetic core. However, it is difficult to obtain a sufficient
magnetic bias if the thickness of the magnetically biasing permanent magnet is smaller than 50 um. Accordingly, a
length of 50 um or more is required for the magnetic gap in which the magnetically biasing permanent magnet is
disposed and a length of 10000 um or less may be preferable in respect of restraint of a size in the core.

[0042] As regards a requirement character for a permanent magnet inserted in a magnetic gap, an intrinsic coercive
force of 10 kOe or more is required. This is because a coercive force disappears caused by a DC magnetic field applied
to a magnetic core if the intrinsic coercive force is 10 kOe or less. In addition, although a specific resistance preferably
may be high, degradation of a core-loss is not caused by the specific resistance if the specific resistance has 1 Q « cm
or more. In addition, the average particle size of the magnetic powder is desired 50 um or less at the maximum because
the use of the magnetic powder having the average particle size larger than 50 um results in degradation of the core-
loss characteristic. While the minimum value of the average particle size is required 2.5 um or more because the
powder having the average particle size less than 2.5 um is significant in magnetization reduction due to oxidation of
particle caused by grinding.

[0043] Herein, in order to improve oxidation resistance in magnetic powder, the magnetic powder desirably may
consist of an aggregation of magnetic particles surfaced with a coating of an oxidation-resistant metal which is at least
one metal or alloy thereof selected from a group of zinc, aluminum, bismuth, gallium, indium, magnesium, lead, anti-
mony, tin. Itis possible to obtain a magnetic core which copes with both oxidation resistance and a high DC superposition
characteristic if the amount of the oxidation-resistant metal lies between 0.1-10% on the base of volumetric percent.
[0044] Furthermore, the present co-inventors studied a permanent magnet to be inserted to achieve the above-
mentioned third object of this invention. The co-inventors resultantly obtained a knowledge that a use of a permanent
magnet having a specific resistance of 1 Q « cm or more and an intrinsic coercive force iHc of 10 kOe or more can
provide a magnetic core which has an excellent DC superposition characteristic and a non-degraded core-loss char-
acteristic. This means that the property of the magnet necessary for obtaining an excellent DC superposition charac-
teristic is the intrinsic coercive force rather than the energy product. Thus, this invention is based on the findings that
it is possible to provide a sufficient high DC superposition characteristic if a permanent magnet has a high intrinsic
coercive force although the permanent magnet having a high specific resistance is used.

[0045] The permanent magnet having a high specific resistance and a high intrinsic coercive force can be generally
realized by a rare-earth bond magnet which is formed of rare-earth magnetic powder and a binder mixed together,
then compacted. However, the magnetic powder used may be any kind of magnetic powder having a high coercive force.
[0046] Although the rare-earth magnetic powder includes SmCo series, NdFeB series, SmFeN series, and other, in
the present circumstances, it is restricted to Sm,Co,; series magnet because a magnet having a Curie temperature
Tc of 500°C and a coercive force of 10 kOe or more is required in consideration of conditions of the reflow soldering
process and the oxidation resistance.

[0047] A magnetic core for a choke coil or a transformer can be effectively made of any kind of materials which have
a soft magnetism. Generally speaking, the materials include ferrite of MnZn series or NiZn series, dust magnetic core,
silicon steel plate, amorphous or others. Further, the magnetic core is not limited to a special shape but this invention
can be applicable to a magnetic core having a different shape such as toroidal core, E-E core, E-I core or others. Each
of these magnetic cores has at least one magnetic gap in its magnetic path in which gap the permanent magnet is
disposed.

[0048] Although the gap is not restricted in a length thereof, the DC superposition characteristic is degraded when
the gap length is excessively small. When the gap length is, on the other hand, excessively large, the permeability is
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lowered. Accordingly, the gap length is determined automatically.

[0049] As regards a requirement character for a permanent magnet inserted in a magnetic gap, an intrinsic coercive
force of 10 KOe or more is required. This is because a coercive force disappears caused by a DC magnetic field applied
to a magnetic core if the intrinsic coercive force is 10 kOe or less. In addition, although a specific resistance preferably
may be high, degradation of a core-loss is not caused by the specific resistance if the specific resistance has 1 Q « cm
or more. In addition, the average particle size of the magnetic powder is desired 50 um or less at the maximum because
the use of the magnetic powder having the average particle size larger than 50 um results in degradation of the core-
loss characteristic. While the minimum value of the average particle size is required 2.5 um or more because the
powder having the average particle size less than 2.5 um is significant in magnetization reduction due to oxidation of
particle caused by grinding.

[0050] Herein, in order to improve oxidation resistance in magnetic powder, the magnetic powder desirably may
consist of an aggregation of magnetic particles surfaced with a coating of an oxidation-resistant metal which is at least
one metal or alloy thereof selected from a group of zinc, aluminum, bismuth, gallium, indium, magnesium, lead, anti-
mony, tin. However, it seems obvious to those skilled in the art that it results in bringing on degradation of a specific
resistance when the surface of each magnetic particle in the magnetic powder is coated with the oxidation-resistant
metal. The specific resistance preferably may be high from the point of view of efficiency in a power supply and frequency
characteristics in magnetic permeability . In order to improve the specific resistance, coating of the oxidation-resistant
metal is surfaced with a coating of a low-melting glass having a softening point which is lower than a melting point of
the oxidation-resistant metal in question. Thus, it is possible to obtain a magnetic core which copes with both a high
specific resistance and oxidation resistance. The oxidation-resistant and the low-melting glass total content of the
magnetic powder may be desired 0.1% or more on the base of volumetric percentage because oxidation resistance is
substantially equivalent to additive-free if the oxidation-resistant and the low-melting glass total content of the magnetic
powder is less than 0.1% on the base of volumetric percentage. In addition, the total content may be desired 10% or
less on the base of volumetric percentage because the magnetic powder has a low packing factor and a decreased
magnetic flux if the total content is more than 10%. Accordingly, it is possible to obtain a magnetic core which copes
with both oxidation resistance and a high specific resistance when the oxidation-resistant and the low-melting glass
total content of the magnetic powder lies between 0.1-10% on the base of volumetric percentage.

Brief Description of the Drawing:

[0051]

Fig. 1 graphically shows measured data of relationships between magnetic flux amounts and temperature of heat
treatment in magnetic cores each comprising a magnetically biasing bond magnet including magnetic powder
uncovered with any covering metal and covered with different covering metals in a first embodiment of this inven-
tion;

Fig. 2 graphically shows measured data of relationships between magnetic flux amounts and temperature of heat
treatment in magnetic cores each comprising a magnetically biasing bond magnet including magnetic powder
uncovered with any covering metal and covered with further different covering metals in a first embodiment of this
invention;

Fig. 3A is a perspective view of a magnetic core according to the first embodiment of this invention;

Fig. 3B is a cross sectional view of a choke coil comprising the magnetic core illustrated in Fig. 3A;

Fig. 4 graphically shows measured data of a DC superposition characteristic in a second embodiment of this
invention in a case where the magnetic powder is uncovered with any covering metal;

Fig. 5 graphically shows measured data of a DC superposition characteristic in the second embodiment of this
invention in a case where the magnetic powder is covered with 0.1 vol% zinc;

Fig. 6 graphically shows measured data of a DC superposition characteristic in the second embodiment of this
invention in a case where the magnetic powder is covered with 1.0 vol% zinc;

Fig. 7 graphically shows measured data of a DC superposition characteristic in the second embodiment of this
invention in a case where the magnetic powder is covered with 3.0 vol% zinc;

Fig. 8 graphically shows measured data of a DC superposition characteristic in the second embodiment of this
invention in a case where the magnetic powder is covered with 5.0 vol% zinc;

Fig. 9 graphically shows measured data of a DC superposition characteristic in the second embodiment of this
invention in a case where the magnetic powder is covered with 10 vol% zinc;

Fig. 10 graphically shows measured data of a DC superposition characteristic in the second embodiment of this
invention in a case where the magnetic powder is covered with 15 vol% zinc;

Fig. 11 graphically shows measured data of a DC superposition characteristic in a third embodiment of this invention
in a case where the magnetic powder is uncovered with any covering metal;
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Fig. 12 graphically shows measured data of a DC superposition characteristic in the third embodiment of this
invention in a case where the magnetic powder is covered with zinc;

Fig. 13 graphically shows measured data of a DC superposition characteristic in the third embodiment of this
invention in a case where the magnetic powder is covered with aluminum;

Fig. 14 graphically shows measured data of a DC superposition characteristic in the third embodiment of this
invention in a case where the magnetic powder is covered with bismuth;

Fig. 15 graphically shows measured data of a DC superposition characteristic in the third embodiment of this
invention in a case where the magnetic powder is covered with gallium;

Fig. 16 graphically shows measured data of a DC superposition characteristic in the third embodiment of this
invention in a case where the magnetic powder is covered with indium;

Fig. 17 graphically shows measured data of a DC superposition characteristic in the third embodiment of this
invention in a case where the magnetic powder is covered with magnesium;

Fig. 18 graphically shows measured data of a DC superposition characteristic in the third embodiment of this
invention in a case where the magnetic powder is covered with lead;

Fig. 19 graphically shows measured data of a DC superposition characteristic in the third embodiment of this
invention in a case where the magnetic powder is covered with antimony;

Fig. 20 graphically shows measured data of a DC superposition characteristic in the third embodiment of this
invention in a case where the magnetic powder is covered with tin;

Fig. 21 graphically shows measured data of a DC superposition characteristic in a fifth embodiment of this invention
in a case where the magnetic powder is uncovered with any covering metal;

Fig. 22 graphically shows measured data of a DC superposition characteristic in the fifth embodiment of this in-
vention in a case where the magnetic powder is covered with 0.1 vol% zinc;

Fig. 23 graphically shows measured data of a DC superposition characteristic in the fifth embodiment of this in-
vention in a case where the magnetic powder is covered with 1.0 vol% zinc;

Fig. 24 graphically shows measured data of a DC superposition characteristic in the fifth embodiment of this in-
vention in a case where the magnetic powder is covered with 3.0 vol% zinc;

Fig. 25 graphically shows measured data of a DC superposition characteristic in the fifth embodiment of this in-
vention in a case where the magnetic powder is covered with 5.0 vol% zinc;

Fig. 26 graphically shows measured data of a DC superposition characteristic in the fifth embodiment of this in-
vention in a case where the magnetic powder is covered with 10 vol% zinc;

Fig. 27 graphically shows measured data of a DC superposition characteristic in the fifth embodiment of this in-
vention in a case where the magnetic powder is covered with 15 vol% zinc;

Fig. 28 graphically shows measured data of a frequency characteristic of magnetic permeability in a magnetic core
according to the fifth embodiment of this invention in a case where the magnetic powder is uncovered with any
covering metal;

Fig. 29 graphically shows measured data of a frequency characteristic of magnetic permeability in a magnetic core
according to the fifth embodiment of this invention in a case where the magnetic powder is covered with 0.1 vol%
zinc;

Fig. 30 graphically shows measured data of a frequency characteristic of magnetic permeability in a magnetic core
according to the fifth embodiment of this invention in a case where the magnetic powder is covered with 1.0 vol%
zinc;

Fig. 31 graphically shows measured data of a frequency characteristic of magnetic permeability in a magnetic core
according to the fifth embodiment of this invention in a case where the magnetic powder is covered with 3.0 vol%
zinc;

Fig. 32 graphically shows measured data of a frequency characteristic of magnetic permeability in a magnetic core
according to the fifth embodiment of this invention in a case where the magnetic powder is covered with 5.0 vol%
zinc;

Fig. 33 graphically shows measured data of a frequency characteristic of magnetic permeability in a magnetic core
according to the fifth embodiment of this invention in a case where the magnetic powder is covered with 10 vol%
zinc;

Fig. 34 graphically shows measured data of a frequency characteristic of magnetic permeability in a magnetic core
according to the fifth embodiment of this invention in a case where the magnetic powder is covered with 15 vol%
zinc;

Fig. 35 graphically shows measured data of variations in DC superposition characteristics of a control and of
examples in a sixth embodiment of this invention;

Fig. 36 graphically shows measured data of frequency characteristics in effective magnetic permeability of a control
and of examples in the sixth embodiment of this invention; and

Fig. 37 graphically shows measured data of frequency characteristics in effective magnetic permeability of a control
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and of examples in an eighth embodiment of this invention.

Detailed Description of the Invention:

[0052] Now, description will proceed to, as embodiments of this invention, manufacturing of concrete magnetic cores
with reference to the drawing and measured data or the like thereof will be illustrated.

(First Embodiment)

[0053] Now, illustration will be made about examples measured and compared variations of magnetic flux in a case
of heat treating, in a thermostatic chamber, a ferrite core of Sm,Co,5 series having a magnetic gap in which a bond
magnet is inserted, wherein the bond magnet comprises Sm,Co4; magnetic powder consisting of an aggregation of
magnetic particles each of which has a surface covered with various types of metals.

[0054] In order to make the bond magnet, the Sm,Co4; magnetic powder (having an average particle size of 2.3
um) is mixed with each metal of zinc, aluminum, bismuth, gallium, indium, magnesium, lead, antimony, and tin by 5
vol% and then subjected to heat treatment for two hours in an atmosphere of argon. Each temperature of the heat
treatment for each metal is shown in Table 1.

Table 1
Element | Heat treatment temperature (°C)
Zn 475
Al 725
Bi 325
Ga 100
In 225
Mg 700
Pb 375
Sb 700
Sn 300

[0055] Thereafter, each magnetic powder is mixed with, as binder resin, 12-nylon resin having an amount corre-
sponding to 40 vol% in a total volume, is heat kneaded, and is formed using a die in no magnetic field to obtain a bond
magnet having a shape of 10.6mm x 7.0mm x 1.5mm. The bond magnet is magnetized in a magnetic path direction
of a magnetic core under pulse magnetic field of about 10 T.

[0056] Each bond magnet is disposed in the magnetic gap of the magnetic core. Each resultant magnetic core is
heat treated in a thermostatic chamber for about 30 minutes from 120°C up to 220°C in units of 20°C, is taken out of
the thermostatic chamber for each heat treatment, and magnetic flux thereof is measured. These results are shown in
Figs. 1 and 2.

[0057] According to the results, the magnet comprising the magnetic powder consisting of an aggregation of magnetic
particles surfaced with no coating is demagnetized up to 80% at 220°C in comparison with the magnet prior to heat
treatment. On the contrary, it has been understood that the magnet comprising the magnet power consisting of an
aggregation of magnetic particles surfaced with any coating of the above-mentioned metals is demagnetized up to
99-91% at heat treatment of 220°C, is very little in degradation, and has a stable characteristic. This is thought that
oxidation of the magnet is suppressed by coating each particle's surface of the magnetic powder with the oxidation-
resistant metal and then reduction of the magnetic flux is restricted.

(Second Embodiment)

[0058] Now, measurementand comparison are made about characteristic of Sm-Fe-N bond magnet where Zn having
different amounts is covered to a surface of each particle in a magnetic powder and magnetic flux of the magnet before
and after heat treatment is measured and variation thereof is calculated. In addition, examples where comparison for
DC superposition characteristics and core-loss characteristic are carried out are illustrated in a case where each of
those magnets is disposed in a magnet gap of a magnetic path of a ferrite

[0059] Making of the bond magnet is carried out as follows. Metal covering is performed by mixing the magnetic
powder of Sm-Fe-N (which has an average particle size of about 3 um) with 3vol% Zn and by subjecting to heat
treatment in an atmosphere of Ar at temperature of 425°C for two hours. Thereafter, each magnetic powder is mixed
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with, as binder resin, 12-nylon resin having an amount corresponding to 40 vol% in a total volume, is heat kneaded,
and is subjected to heat press in no magnetic field to obtain a bond magnet having a shape of 10.6mm x7.0mm x
1.5mm. The bond magnet is magnetized in a magnetic path direction of a magnetic core under pulse magnetic field
of about 10 T. Those bond magnet have characteristics as shown in Table 2.

Table 2
Amount of Zn | Coercive Force Hc | Residual Magnetic Flux Density Br
no coating 9 kOe 3300 G
0.1vol% 10.5 kOe 3300 G
1.0vol% 11.5 kOe 3270 G
3.0vol% 12 kOe 3200 G
5.0vol% 12 kOe 3120 G
10vol% 12 kOe 2940 G
15vol% 12 kOe 2700 G

[0060] It is understood that each bond magnet covered with Zn has an increased coercive force by 1.5-3 Oe in
comparison with the bond magnet uncovered with any metal. This may be supposed that covering the particle's surface
of the Sm-Fe-N magnetic powder results in difficulty of occurrence of inverse domain and in increasing the coercive
force. In addition, the residual magnetic flux density decreases when the amount of Zn increases. It may be understood
that a ratio of the magnetic powder decreases when the amount of Zn which is non-magnetism increases.

[0061] Those bond magnets are heat treated in a fireplace of an atmosphere of air at temperature of 220°C for sixty
minutes, are taken out of the fireplace, and measurement of magnetic flux, DC superposition characteristics, and core-
loss characteristic are carried out,

[0062] The magnetic flux is measured for each magnet by using a digital flux meter of TDF-5 made by TOEI. In
addition, re-pulse magnetization is carried out after end of the heat treatment at temperature of 220°C, a recovered
amount of the magnetic flux is calculated as thermal demagnetization caused by thermal fluctuation and an unrecovered
decreased amount is calculated as demagnetization caused by oxidation.

[0063] Those measured results are shown in Table 3 with flux amount of no heat treatment represented at 100%.

Table 3
Variation of Magnetic Flux with Heat Treatment (%)
Amount of Zn | No treatment | After heat-treatment After re- Thermal Oxidation
magnetization demagnetizing
factor
No coat 100 51 77 26 23
0.1vol% 100 74 94 20 6
1.0vol% 100 79 97 18 3
3.0vol% 100 81 98 17 2
5.0vol% 100 82 99 17 1
10vol% 100 82 99 17 1
15vol% 100 81 98 17 2

[0064] According to the results, the core inserted with the magnet comprising the magnetic powder consisting of an
aggregation of magnetic particles surfaced with no coating is oxidized by 23% at temperature of 220°C. In comparison
with this, it is seen that the core inserted with the magnet the magnetic powder consisting of an aggregation of magnetic
particles surfaced with a coating of zinc is oxidized by about 1-6% caused by heat treatment, is very small in degradation,
and has a stable characteristic. It may be seemed that oxidation is suppressed by coating the particle's surface of the
magnetic powder with the oxidation-resistant metal and reduction of the magnetic flux is suppressed.

[0065] In addition, with respect to the thermal demagnetization, the magnet comprising the magnetic powder con-
sisting of an aggregation of magnetic particles surfaced with a coating of zinc has a lower value in comparison with
the magnet comprising the magnetic powder consisting of an aggregation of magnetic particles surfaced with no coat-
ing. It may be thought that the coercive force of the Sm-Fe-N magnet increases by coating the particle's surface of the
magnetic powder with zinc.

[0066] The DC superposition characteristic is measured for each core inserted with the magnet by the use of an LCR
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meter of 4284A made by Hewlett Packard under conditions of AC magnetic field frequency of 100kHz and of magnetic
field of 0-200 Oe due to DC superposition. A ferrite core used in experiment is an EE core which is made of a ferrite
material of Mn-Zn series, has a magnetic path of 7.5cm, and has an effective cross-sectional area of 0.74cm2. The EE
core has a central magnetic leg with a gap of 1.5mm. In the gap portion is disposed a bond magnet formed so as to
have a cross section equal to that of the central magnetic leg of the ferrite core and to have a height of 1.5mm. These
shapes are illustrated in Figs. 3A and 3B. In these figures, a reference numeral of 1 represents the bond magnet, a
reference numeral of 2 represents the core, and a reference numeral of 3 represents a coil. In addition, a DC super-
position current is flowed in the coil 3 so that a direction of a magnetic field caused by DC superposition faces in the
opposite direction to a direction of magnetization in the bond magnet 1 disposed in the magnetic gap of the core 2.
[0067] The measured results are illustrated in Figs. 4 through 10. Fig. 4 shows the DC superposition characteristics
in a case where the bond magnet comprising the magnetic powder consisting of an aggregation of magnetic particles
surfaced with no coating is used. Figs. 5-10 show the DC superposition characteristics in cases where bond magnets
comprising the magnetic powder consisting of an aggregation of magnetic particles surfaced with coatings of zinc
content of 0.1vol%, 1.0vol%, 3.0vol%, 5.0vol%, 10vol%, and 15vol% are used, respectively.

[0068] Asis apparent from Fig. 4, when the magnetic particles of the magnetic powder are surfaced with no coating,
the magnetic permeability was shifted to the lower magnetic field side with increase of a heat treatment time interval
to significantly degrade the characteristics. In comparison with this, as shown in Figs. 5-9, when the magnetic particles
of the magnetic powder are surfaced with a coating of zinc, it is understood that a degradation rate in heat treatment
is always very small. This may be supposed that oxidation of the magnetic powder is suppressed due to a coating of
zinc. In addition, as shown in Fig. 10, when the magnetic powder is mixed with 15wt% zinc, it is understood that
magnetic permeability of the magnetic core does not extend to a higher magnetic field side and magnitude of a biasing
magnetic field due to the magnet is very small in comparison with others. It may be thought that a rate of the magnetic
powder decreases caused by increase of an amount of zinc or magnitude of the magnetization decreases because
the magnetic powder and zinc reacts to each other.

[0069] Now, in the magnetic cores inserted with those magnet in respective magnetic gaps thereof, core-loss char-
acteristic at a frequency of 200kHz and in a magnetic flux density of 0.1 T were measured by use of an AC B-H curve
tracer of SY-8232 made by Iwasaki Tsushinki K.K.. The ferrite core used in experiment was an EE core which is made
of a ferrite material of Mn-Zn series and which has a magnetic path of 7.5cm and has an effective cross-sectional area
of 0.74cmZ2. The EE core comprises a central magnetic leg with a magnetic gap of 1.5mm. A bond magnet formed so
as to have a cross section equal to that of central magnetic leg of the ferrite core and to have a height of 1.5mm was
magnetized in a direction of the magnetic path under a pulse magnetic field of about 10 T and was inserted in a gap
portion of the ferrite core. These results are shown in Table 4.

Table 4
Variation of core-loss (kW/m3) and specific resistance (Q « cm) with heat treatment
Amount of Zn | No treatment | After heat treatment | Increment Specific resistance
(before heat treatment)
No coat 360 585 225 2.08
0.1vol% 365 445 80 2.02
1.0vol% 395 395 0 1.72
3.0vol% 410 380 -30 1.43
5.0vol% 440 420 -20 1.25
10vol% 490 460 -30 1.00
15vol% 755 740 -15 0.23

[0070] When the magnetic particles of the magnetic powder are surfaced with no coating, the core-loss increases
by 200kW/m3 or more caused by heat treatment. In contrast with this, when the magnetic particles of the magnetic
powder are surfaced with a coating with the above-mentioned metal, increment of the core-loss after heat treatment
was 80kW/m3 in a case of a coating of 0.1vol% Zn and was less than zero in a case of coatings of 1.0vol% or more
Zn. When Zn content of the magnetic powder is 3.0vol% or more, it seems that the core-loss shows a tendency to
decrease to the contrary. In addition, when the magnetic powder is mixed with zinc by 15vol%, the core-loss itself was
nearly 750kW/m3 and had a very large value although the increment of the core-loss does not occur after heat treatment.
It may be thought that eddy-current loss increases because the specific resistance of the bond magnet in a case of
mixing the magnetic powder with zinc by 15wt% is 0.23 Q « cm and is very smaller than other compositions.

[0071] In addition, it seems that the reason the core-loss decreased caused by heat treatment is that insulation
among the powder increases caused by oxidation of zinc and the eddy-current loss decreases.
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[0072] Forthe above-mentioned reasons itis understood that the ferrite core has a very excellent characteristic when
the amount of Zn used as a coating lies in a range of 0.1-10vol% in a total volume of the magnetic powder. In addition,
similar results may be obtained in a case of using, as a coating, one metal or alloy thereof listed in Table 1 of the first
embodiment in lieu of Zn because each of these metal or alloy has a specific resistance which is hardly ever different
in comparison with that of Zn.

(Third Embodiment)

[0073] Now, illustration will be made about examples measured and compared DC superposition characteristics and
core-loss characteristic of a ferrite core of Mn-Zn series having a magnetic gap in which a Sm-Co bond magnet is
inserted, wherein the bond magnet comprises magnetic powder consisting of an aggregation of magnetic particles
surfaced with coatings of various types of metals.

[0074] In order to make the bond magnet, the Sm-Co magnetic powder (having an average particle size of 3 um)
was mixed with each metal of zinc, aluminum, bismuth, gallium, indium, magnesium, lead, antimony, and tin by 5 vol%
and then was subjected to heat treatment for two hours in an atmosphere of argon. Each temperature of the heat
treatment for each metal is shown in the above-mentioned Table 1 described in the above-mentioned first embodiment.
[0075] Thereafter, each magnetic powder was mixed with, as binder resin, epoxy resin having an amount corre-
sponding to 40 vol% in a total volume, and was thereafter formed using a die in no magnetic field. The ferrite core used
in experiment was an EE core which is made of a ferrite material of Mn-Zn series and which has a magnetic path of
7.5cm and has an effective cross-sectional area of 0.74cm2. The EE core comprises a central magnetic leg with a
magnetic gap of 1.5mm. A bond magnet formed so as to have a cross section equal to that of the central magnetic leg
of the ferrite core and to have a height of 1.5mm was inserted in a gap portion of the ferrite core and a coil was wound
around the core. Those shapes are shown in Figs. 3A and 38.

[0076] Each bond magnet was disposed in the magnetic gap of the magnetic core. Each resultant magnetic core
was heat treated in a thermostatic chamber having a temperature of 270°C, was taken out of the thermostatic chamber
for after a lapse of thirty minutes, and the DC superposition characteristics and the core-loss characteristic thereof
were measured.

[0077] The DC superposition characteristic was measured for each core inserted with the magnet by the use of an
LCR meter of 4284A made by Hewlett Packard under conditions of AC magnetic field frequency of 100kHz and of
magnetic field of 0-200 Oe due to DC superposition. In addition, a DC superposition current was flowed in the coil 3
so that a direction of a magnetic field caused by DC superposition faces in the opposite direction to a direction of
magnetization in the bond magnet 1 disposed in the magnetic gap of the core 2.

[0078] The measured results are illustrated in Figs. 11 through 20. Fig. 11 shows the DC superposition characteristics
in a case where the bond magnet comprising the magnetic powder consisting of an aggregation of magnetic particles
surfaced with no coating is used. Figs. 12-20 show the DC superposition characteristics in cases where bond magnets
comprising the magnet powder consisting of an aggregation of magnetic particles surfaced with coatings of zinc, alu-
minum, bismuth, gallium, indium, magnesium, lead, antimony, and tin, respectively.

[0079] It is seen, in comparison with the magnetic core inserted with the bond magnet comprising the magnetic
powder consisting of an aggregation of magnetic particles surfaced with no coating, that the magnetic core inserted
with the bond magnet comprising the magnetic powder consisting of an aggregation of magnetic particles surfaced
with a coating of any one of the above-mentioned metal has a little degradation of the DC superposition characteristics
although a time interval of the heat treatment increases and has a stable characteristic. This may be thought that
oxidation is suppressed by coating the particle's surface of the magnetic powder with oxidation-resistant metal and
decrease in the biasing magnetic field is suppressed.

[0080] Now, in the magnetic cores inserted with those magnets, the core-loss characteristic at a frequency of 5kHz
and in a magnetic flux density of 0.1 T was measured by use of an AC B-H curve tracer of SY-8232 made by lwasaki
Tsushinki K.K. These results are shown in Table 5.

Table 5
Measured data of core-loss
Time interval of heat treatment | Omin | 30min | 60min | 90min 120min
None 180 250 360 450 600
Zn 220 200 215 215 220
Al 180 180 190 200 240
Bi 225 230 230 230 240
Ga 170 180 230 230 260
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Table 5 (continued)

Measured data of core-loss

Time interval of heat treatment | Omin | 30min | 60min | 90min | 120min
In 175 200 220 230 280
Mg 170 170 180 200 220
Pb 230 220 230 240 260
Sb 200 230 280 350 420
Sn 205 210 230 230 235

[0081] In the core inserted with the bond magnet comprising the magnetic powder consisting of an aggregation of
magnetic particles surfaced with no coating, the core-loss in heat treatment for 120 minutes was three times or more
as large as the core-loss with no heat treatment. In contrast with this, it is seen that, in the cores inserted with the
respective bond magnets each comprising the magnetic powder consisting of an aggregation of magnetic particles
surfaced with a coating of one of the above-mentioned metal, increment of the core-loss after heat treatment was on
average 20-30% and the core had a very excellent characteristic.

(Fourth Embodiment)

[0082] Now, illustration will be made about examples measured and compared magnetic flux of a ferrite core of Mn-
Zn series having a magnetic gap in which a Sm-Co bond magnet is inserted, wherein the Sm-Co bond magnet com-
prises magnetic powder consisting of an aggregation of magnetic particles surfaced with coatings with various types
of metals.

[0083] In order to make the bond magnet, the Sm-Co magnetic powder (having an average particle size of 3 um)
was mixed with each of (3vol% Zn + 2vol% Mg) and (3vol% Mg + 2vol% Al) and then was subjected to heat treatment
for two hours in an atmosphere of argon at temperature of 600°C, thereby carrying out metal coating. Thereafter, each
magnetic powder was mixed with, as binder resin, epoxy resin having an amount corresponding to 45vol% in a total
weight, and was formed using a die in no magnetic field. Each bond magnet was heat treated in a furnace in an
atmosphere of air at temperature of 270°C, was taken out of the furnace for each one hour up to heat treatment time
interval of four hours in total and for each two hours thereafter, and magnetic flux thereof was measured.

[0084] The magnetic flux was measured for each magnet by using a digital flux meter of TDF-5 made by TOEI. When
an amount of the magnetic flux before heat treatment is represented at 100%, Table 6 shows a rate of variations of
the magnetic flux after each time interval of heat treatment.

Table 6
Variations in magnetic flux with heat treatment (%)

Time interval of heat treatment (hour) 0 1 2 3 4 6 8 10
No coating 100 | 72 61 53 45 36 30 26
(3vol% Zn + 2vol% Mg) 100 | 98 97 97 96 95 94 94
(3vol% Mg + 2vol% Al) 100 | 98 98 97 96 96 95 94

[0085] The magnetic core inserted with the bond magnet comprising the magnetic powder consisting of an aggre-
gation of magnetic particles surfaced with no coating was demagnetized by 70% or more after the heat treatment for
ten hours. In comparison with this, it is understood that the magnetic core inserted with the bond magnet comprising
the magnetic powder consisting of an aggregation of magnetic particles surfaced with coating of one of the above-
mentioned metal was demagnetized by about 6% at the heat treatment for ten hours, was very small in degradation,
and had a stable characteristic. It may be seemed that oxidation is suppressed by coating the particle's surface of the
magnetic powder with the oxidation-resistant metal and reduction of the magnetic flux is restricted.

(Fifth Embodiment)
[0086] Now, illustration will be made about examples measured and compared DC superposition characteristics and
core-loss characteristic of a ferrite core of Mn-Zn series having a magnetic gap in which a Sm-Co bond magnet is

inserted, wherein the bond magnet comprises resin and magnetic powder, disposed in the resin, consisting of an
aggregation of magnetic particles surfaced with a coating of zinc.

12
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[0087] In order to make the bond magnet, the Sm-Co magnetic powder (having an average particle size of 3 u m)
was mixed with zinc by 0.1vol%, 1.0vol%, 3.0vol%, 5.0vol%, 10vol%, and 15vol%, respectively, and then was subjected
to heat treatment for two hours in an atmosphere of argon. Thereafter, each magnetic powder was mixed with, as
binder resin, epoxy resin having an amount corresponding to 40 vol% in a total volume, and was then formed using a
die in no magnetic field. In the manner as the above-mentioned third embodiment, the ferrite core used in experiment
was an EE core which has a magnetic path of 7.5cm and has an effective cross-sectional area of 0.74cm2. The EE
core comprises a central magnetic leg with a magnetic gap of 1.5mm. A bond magnet formed so as to have a cross
section equal to that of the central magnetic leg of the ferrite core and to have a height of 1.5mm was magnetized in
a direction of the magnetic path in pulse magnetic field of about 10 T and was inserted in a gap portion of the ferrite
core, and a coil was wound around the core. Those shapes are shown in Figs. 3A and 3B.

[0088] Each bond magnet was disposed in the magnetic gap of the magnetic core. Each resultant magnetic core
was heat treated in a thermostatic chamber having a temperature of 270°C, was taken out of the thermostatic chamber
after a lapse of thirty minutes, and the DC superposition characteristics and the core-loss characteristic thereof were
measured. This process was repeated.

[0089] The DC superposition characteristic was measured for each core inserted with the magnet by the use of an
LCR meter of 4284A made by Hewlett Packard under conditions of AC magnetic field frequency of 100kHz and of
magnetic field of 0-200 Oe due to DC superposition. In addition, a DC superposition current was flowed in the coil 3
so that a direction of a magnetic field caused by DC superposition faces in the opposite direction to a direction of
magnetization in the bond magnet 1 disposed in the magnetic gap of the core 2.

[0090] The measured results are illustrated in Figs. 21 through 27. Fig. 21 shows the DC superposition characteristics
of the core inserted with the bond magnet comprising the magnetic powder consisting of an aggregation of magnetic
particles surfaced with no coating. Figs. 22-27 show the DC superposition characteristics of the cores inserted with
the respective bond magnets comprising the magnetic powder consisting of an aggregation of magnetic particles sur-
faced with coatings of zinc by 0.1vol%, 1.0vol%, 3.0vol%, 5.0vol%, 10vol%, and 15vol%, respectively.

[0091] As is apparent from Fig. 21, in the core inserted with the bond magnet comprising the magnetic powder
consisting of an aggregation of magnetic particles surfaced with no coating, the magnetic permeability was shifted
toward a lower magnetic field side with increase of a heat treatment time interval and was drastically degraded. In
comparison with this, as shown in Figs. 22-27, in the cores inserted with the respective magnets each comprising the
magnetic powder consisting of an aggregation of magnetic particles surfaced with a coating of zinc, it is understood
that a degradation rate in heat treatment was always very small. It may be supposed that oxidation of the magnetic
powder is suppressed due to a coating of zinc.

[0092] In addition, as shown in Fig. 27, in the magnetic core inserted with the bond magnet comprising the magnetic
powder consisting of an aggregation of magnetic particles surfaced with a coating of 15vol% zinc, it is understood that
magnetic permeability of the magnetic core did not extend to a higher magnetic field side and magnitude of a biasing
magnetic field due to the magnet was very small in comparison with others. This may be thought that a rate of the
magnetic powder decreases caused by increase of an amount of zinc or magnitude of the magnetization decreases
because the magnetic powder and zinc reacts to each other.

[0093] Frequency characteristics were measured by the use of an impedance analyzer of 4194A made by Yokokawa
Hewlett Packard in a range between AC magnetic field frequencies of 1 kHz and 15MHz. Those results are shown in
Figs. 28 through 34.

[0094] As is apparent from Fig. 28, in the magnetic core inserted with the bond magnet comprising the magnetic
powder consisting of an aggregation of magnetic particles surfaced with no coating, it is understood that the frequency
characteristics were shifted to a lower frequency side with increase of a heat treatment time interval and were drastically
degraded in the similar manner as the DC superposition characteristics. In comparison with this, as shown in Figs.
29-34, in the magnetic cores inserted with the respective bond magnets each comprising the magnetic powder con-
sisting of an aggregation of magnetic particles surfaced with a coating of zinc, it is understood that a degradation rate
in heat treatment was very small. This may be supposed that oxidation of the magnetic powder is suppressed due to
a coating of zinc.

[0095] In addition, as shown in Fig. 34, in the magnetic core inserted with the bond magnet comprising the magnetic
powder consisting of an aggregation of magnetic particles surfaced with a coating of 15vol% zinc, it is understood that
magnetic permeability of the magnetic decreases in a lower frequency side although the degradation rate in the heat
treatment is small. This may be supposed that a specific resistance decreases caused by increase of an amount of
zinc and as a result, an eddy-current loss increases and the frequency characteristics are degraded.

[0096] Forthe above-mentioned reasons itis understood that the ferrite core has a very excellent characteristic when
the amount of Zn used as a coating lies in a range of 0.1-10vol%.
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(Sixth Embodiment)

[0097] A magnetic core according to a sixth embodiment of this invention used, as a magnetically biasing bond
magnet, a Sm-Co bond magnet comprising magnetic powder consisting of an aggregation of magnetic particles sur-
faced with a coating of a combination of metal and glass solder. In addition, magnetic flux characteristics and specific
resistance of the Sm-Co bond magnet were measured. In a ferrite core of Mn-Zn series having a magnetic path with
a magnetic gap in which the Sm-Co bond magnet is inserted, DC superposition characteristics and frequency charac-
teristics of effective magnetic permeability u were measured and compared.

[0098] More specifically, such as a Sm-Co bond magnet was made as follows. As materials, Sm-Co magnetic powder
having an average particle size of about 5 um and Zn metal powder having an average particle size of about 5 um
were used. The Sm-Co magnetic powder was mixed with the Zn metal powder by 3vol% and then was subjected to
heat treatment at temperature of 500°C for two hours in an atmosphere of argon. Zinc has a melting point of 419.5°C.
Thereafter, the magnetic powder was mixed with, as low-melting glass powder, ZnO-B,05-PbO having a softening
point of about 400°C and B,03-PbO having a softening point of about 410°C by 3vol% and then was subjected to heat
treatment at temperature of 400°C and 410°C for two hours in an atmosphere of argon, respectively.

[0099] Thereafter, each resultant magnetic powder was mixed with, as binder resin, epoxy resin having an amount
corresponding to 50 vol% in a total volume, and was then formed using a die in no magnetic field to obtain respective
bond magnets.

[0100] The ferrite core used in experiment was, as shown in Fig. 3A, the EE core 2 which is made of a ferrite material
of Mn-Zn series and which has a magnetic path of 7.5cm and has an effective cross-sectional area of 0.74cm2. The
EE core 2 comprises a central magnetic leg with a magnetic gap of 1.5mm. Subsequently, the respective bond magnets
made above were formed so as to have a cross section equal to that of the central magnetic leg of the ferrite core and
to have a height of 1.5mm and were magnetized in a direction of the magnetic path by the use of a pulse magnetizing
machine in magnetic field of about 10 T. And, the above made bond magnet 1 was inserted in a gap portion of the
above EE core 2 to make the magnetic core as shown in Fig. 3A.

[0101] In this event, the magnetic flux and the specific resistance of the bond magnets were measured single sub-
stance by single substance. Each measured sample was kept for thirty minutes in a thermostatic chamber at a tem-
perature of 270°C which is a temperature condition for a reflow soldering furnace, then cooled to the room temperature
and left at the room temperature for two hours. The magnetic flux and the specific resistance of the bond magnets after
reflow treatment were measured single substance by single substance. In addition, as a control, a bond magnet com-
prising Sm-Co magnetic powder consisting of an aggregation of magnetic particles surfaced with a coating of only zinc
was made and magnetic flux and specific resistance of the bond magnet was measured as a single substance. Those
results are illustrated in Tables 7 and 8. Furthermore, for each sample, a demagnetizing factor of the magnetic flux
was measured before and after a reflow treatment. This measured results are illustrated in Table 7.

Table 7
Flux Examples Control
Zn+(Zn0O-B,03-Pb0O) | Zn+(B,03-PbO) Zn
Before reflow treatment (G) 195.2 192.4 198.3
After reflow treatment (G) 193.8 190.3 193.7
Demagnetizing factor (%) 99.3 98.9 97.7
Table 8
Specific resistance Examples Control
Zn+(Zn0O-B,03-Pb0O) | Zn+(B,03-PbO) Zn
Before reflow treatment (Q « cm) 2.88 2.72 0.98
After reflow treatment (Q < cm) 2.90 2.73 1.05

[0102] Asis apparentfrom Table 8, it is understood that the bond magnets (examples) each comprising the magnetic
powder consisting of an aggregation of magnetic particles surfaced with a coating of the combination of zinc and glass
solder have a remarkably improved specific resistance in comparison with the bond magnet (control) comprising the
magnetic powder consisting of an aggregation of magnetic particles surfaced with a coating of only zinc. In addition,
as is apparent from Table 7, it is understood that the bond magnets (examples) each comprising the magnetic powder
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consisting of an aggregation of magnetic particles surfaced with a coating of the combination of zinc and glass solder
have an improved demagnetizing factor of the magnetic flux after a reflow treatment in comparison with the bond
magnet (control) comprising the magnetic powder consisting of an aggregation of magnetic particles surfaced with a
coating of only zinc.

[0103] Now, as shown in Fig. 3B, the coil 3 was wound around such a made magnetic core (Fig. 3A) to obtain an
inductance part. The coil 3 was applied with a voltage with an alternating current (100kHz) superimposed on a direct
current to measure the DC superposition characteristics by use of an LCR meter and to calculate an effective magnetic
permeability | on the basis of a core constant (core size) and the number of winding of the coil 3. The calculated results
are shown in Fig. 35. In this event, a superposition current is applied so that a direction of DC biasing magnetic field
faces in the opposite direction of a direction of the magnetization of the magnetized magnet on insertion. In addition,
a frequency characteristic of the effective magnetic permeability u was measured by use of an impedance analyzer of
4194A made by Yokokawa Hewlett Packard. This result is shown in Fig. 36. Furthermore, a value of u 10MHz/u 10kHz
was calculated on the basis of this frequency characteristic and is illustrated in Table 9. In the manner which is described
above, each measured sample was kept for thirty minutes in a thermostatic chamber at a temperature of 270°C which
is a temperature condition for a reflow soldering furnace, then cooled to the room temperature and left at the room
temperature for two hours. Thereafter, the bond magnet was inserted in a gap portion of the ferrite core (EE core) and
the coil was wound around the core. In the manner which is described above, the DC superposition characteristics,
the frequency characteristic of the effective magnetic permeability i, and the value of p 10MHz/u. 10kHz were measured
and those measured results are shown and illustrated in Figs. 35 and 36 and Table 9. Furthermore, as controls, a bond
magnet comprising Sm-Co magnetic powder consisting of magnetic particles surfaced with a coating of zinc and a
sample where the ferrite core has the gap portion with nothing inserted were made in the manner which is described
above and DC superposition characteristics, the frequency characteristic of the effective magnetic permeability i, and
the value of p 10MHz/u 10kHz were measured. Those measure results are also shown and illustrated in Figs. 35 and
36 and Table 9.

Table 9
w 10MHz/ n 10kHz Examples Control
Zn+(Zn0O-B,03-PbO) | Zn+(B,03-PbO) Zn | Air Gap
Before reflow treatment (%) 100.3 101.0 80.4 102.3
After reflow treatment (%) 101.1 101.1 92.6 102.3

[0104] As is apparent from Table 9, it is understood that the effective magnetic permeability . in the magnetic cores
inserted with the respective bond magnets each comprising the magnetic powder consisting of an aggregation of
magnetic particles surfaced with a coating of the combination of zinc and glass solder is an improved frequency char-
acteristic in comparison with that of the magnetic core inserted with the bond magnet comprising the magnetic powder
consisting of an aggregation of magnetic particles surfaced with a coating of zinc alone.

[0105] As described above, it is understood that it is possible for the sixth embodiment of this invention to obtain the
magnetic core having a high specific resistance and a good demagnetizing factor.

[0106] Although zinc is selected as oxidation-resistant metal powder in the sixth embodiment of this invention, any
of other oxidation-resistant metals may be used. For example, it may be easily supposed that it is possible to obtain
similar merits in a case of using, as the oxidation-resistant metal, one metal or alloy thereof selected from a group of
aluminum, bismuth, gallium, indium, magnesium, lead, antimony, and tin. In addition, although ZnO-B,05-PbO and
B,05-PbO are used as the low-melting glass in the sixth embodiment of this invention, similar merits may be obtained
in a case of using, as the low-melting glass, K,0-SiO,-PbO, SiO,-B,03-PbO, or the like.

(Seventh Embodiment)

[0107] A magnetic core according to a seventh embodiment of this invention also used, as a magnetically biasing
bond magnet, a Sm-Co bond magnet in the manner as the above-mentioned sixth embodiment. More specifically, as
materials of the bond magnet, Sm-Co magnetic powder having an average particle size of about 5 um and Zn metal
powder having an average particle size of about 5 um were used in the similar manner which is described in the above-
mentioned sixth embodiment of this invention. The Sm-Co magnetic powder was mixed with the Zn metal powder by
3vol%, 5.0vol%, and 7.0vol%, respectively, and then was subjected to heat treatment at a temperature of 500°C for
two hours in an atmosphere of argon. Thereafter, the magnetic power was mixed with, as low-melting glass powder,
Zn0-B,05-PbO having a softening point of about 400°C by 0vol%, 1.0vol%, 3.0vol%, 5.0vol%, 7.0vol%, and 10.0vol%,
respectively, and then was subjected to heat treatment at a temperature of 400°C for two hours in an atmosphere of
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argon, respectively.

[0108] Thereafter, each resultant magnetic powder was mixed with, as binder resin, epoxy resin having an amount
corresponding to 50 vol% in a total volume, and was then formed using a die in no magnetic field to obtain respective
bond magnets.

[0109] The respective bond magnets made above were formed so as to have a shape in a similar manner as the
above-mentioned sixth embodiment of this invention and were magnetized by the use of a pulse magnetizing machine
in magnetic field of about 10 T. Subsequently, for each of resultant bond magnets, in a similar manner as the above-
mentioned sixth embodiment, magnetic flux was measured before and after a reflow treatment. The results are illus-
trated in Table 10.

Table 10

Before reflow Zn0-Bp03-PbO

treatment 0Ovol% 1vol% 3vol% 5vol% 7vol% | 10vol%
3vol% Zn 198.3 197.9 195.2 190.4 168.2 143.3
5vol% Zn 197.2 196.2 194.3 156.2 140.8 122.1
7vol% Zn 192.3 1580.2 152.4 136.1 125.4 93.6

After reflow Zn0-B203-PbO

treatment Ovol% | 1vol% | 3vol% | 5voi% | 7vol% | 10vol%
3vol% Zn 193.7 193.5 193.8 189.3 168.1 143.1
5vol% Zn 192.2 183.2 193.2 154.8 139.8 121.9
7vol% Zn 191.2 189.2 151.8 135.7 125.2 93.2

[0110] Asis apparent from Table 10, it is understood that it is possible to obtain the bond magnet having an excellent
characteristic of oxidation resistance when a total content of the Zn powder and the low-melting glass powder is 10vol%
or less on the base of a volumetric percentage. In addition, the co-inventors confirmed that the magnetic powder having
the above-mentioned total content of 0.1vol% or less on the base of a volumetric percentage was substantially identical
with the bond magnet where only zinc is added.

[0111] In addition, although the seventh embodiment of this invention describes for the magnetic flux of the bond
magnet alone, the co-inventors inserted the above-mentioned bond magnet 1 into the gap portion formed in the central
leg of the ferrite core (EE core) 2 (Fig. 3A) in a similar manner as the above-mentioned sixth embodiment of this
invention, wound the coil 3 around the core as shown in Fig. 3B, and measured the DC superposition characteristics.
In this event, the co-inventors confirmed that the results corresponding to the magnetic flux were obtained and it is
possible to obtain the bond magnet having an excellent characteristic of oxidation resistance when the total content
of the Zn powder and the low-melting glass powder lies between 0.1vol% and 10vol%.

(Eighth Embodiment)

[0112] Now, illustration will be made about samples measured and compared frequency characteristic for effective
magnetic permeability p of a ferrite core of Mn-Zn series and magnetic flux of a Sm-Co bond magnet in a case where
the Sm-Co bond magnet comprising magnetic power consisting of an aggregation of magnetic particles surfaced with
a coating of both of zinc and a low-melting glass (ZnO-B,05-PbO, B,05-PbO) is inserted in a part of a magnetic path
of the ferrite core of Mn-Zn series.

[0113] More specifically, the bond magnet was made as follows. First, Sm-Co magnetic powder having an average
particle size of about 3 © m was mixed with Zn metal powder by 3vol%, and then was subjected to heat treatment at
a temperature of 500°C for three hours in an atmosphere of argon. Thereafter, the magnetic power was mixed with,
as low-melting glass powder, ZnO-B,05-PbO having a softening point of about 400°C and B,05-PbO having a softening
point of about 410°C by 3vol%, respectively, and then were subjected to heat treatment at a temperature of 420°C in
an atmosphere of argon.

[0114] Thereafter, each resultant magnetic powder was mixed with, as binder resin, polyamideimide resin having an
amount corresponding to 40 vol% in a total volume, was stirred using a hybrid mixer, thereafter formed a bond magnet
sheet having a thickness of about 150 um using a doctor blade method, and then dried at a temperature of 200°C for
thirty minutes.
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[0115] A ferrite core used in experiment was, as shown in Fig. 3A, the EE core 2 which is made of the ferrite material
of Mn-Zn series and which has a magnetic path of 5.93cm and has an effective cross-sectional area of 0.83cm?2. The
EE core 2 comprises a central magnetic leg with a magnetic gap of 200 um. Subsequently, the respective bond magnets
made above were formed so as to have a cross section equal to that of the central magnetic leg of the ferrite core and
to have a height of 200 um and thereafter were magnetized in a direction of the magnetic path by the use of a pulse
magnetizing machine in magnetic field of about 10 T. And, the above made bond magnet 1 was inserted in a gap
portion of the above EE core 2 to make the magnetic core as shown in Fig. 3A.

[0116] Table 11 shows specific resistance, core-loss values, demagnetizing factor on carrying out heat treatment for
thirty minutes at an atmosphere of air of the Sm-Co bond magnet sheet comprising the magnetic powder consisting
of an aggregation of magnetic particles surfaced with a coating of both of zinc and the low-melting glass (ZnO-B,05-
PbO, B,053-PbO). In addition, Fig. 37 illustrates the frequency characteristic of the effective magnetic permeability n
when the bond magnet is inserted in the magnetic core.

Table 11
Specific resistance (Q Demagnetizing factor loss (KW/m3)
*-cm) (%)

100mT, 50mT,

100kHz 200kHz
No coating 0.15 17.0 370.0 230.0
3vol% Zn 0.12 2.0 390.8 250.5
3vol% (ZnO-B,05- 1.85 1.5 240.6 200.5
PbO) + 3vol% Zn
3vol% (B,O5-PbO) + 1.65 1.2 256.0 198.5
3vol% Zn

[0117] As is apparent from Table 11, it is understood that the sample with no coating has a bad specific resistance
and a bad demagnetizing factor. In addition, it seems that the sample with a coating of zinc alone still has a low specific
resistance although it has a lower demagnetizing factor in comparison with that of the sample with no coating. Further-
more, it is seen that the samples with a coating of both of zinc and the low-melting glass (ZnO-B,03-PbO, B,03-PbO)
have an enlarged specific resistance, a good demagnetizing factor, and a good core-loss in comparison with those of
both of the sample with no coating and the sample with a coating of zinc alone.

[0118] In addition, as is apparent from Fig. 37, it is understood that the samples with a coating of both of zinc and
the low-melting glass (ZnO-B,05-PbO, B,05-PbO) have an improved frequency characteristic for the effective mag-
netic permeability p in comparison with those of both of the sample with no coating and the sample with a coating of
zinc alone.

[0119] From the above-mentioned results, it seems that the magnetic core, which is inserted with the bond magnet
comprising the magnetic powder consisting of an aggregation of magnetic particles surfaces with a coating of both of
zinc and the low-melting glass (ZnO-B,03-PbO, B,03-Pb0O), has the oxidation resistance, an excellent core-loss char-
acteristic, and an improved frequency characteristic for the effective magnetic permeability .

[0120] While this invention has thus far been described in conjunction with preferred embodiments thereof, it will
now be readily possible for those skilled in the art to put this invention into various other manners. For example, although
12-nylone resin, epoxy resin, and polyamideimide resin are used as the binder resin in the above-mentioned embod-
iments, other resin may be used as the binder resin.

Claims

1. A magnetic core having at least one magnetic gap in a magnetic path thereof, said magnetic core comprising a
magnetically biasing magnet disposed in the magnetic gap for providing a magnetic bias from opposite ends of
the magnetic gap to the core, wherein:

said magnetically biasing magnet comprises a bond magnet which comprises rare-earth magnetic powder
and a binder resin, said rare-earth magnetic powder having an intrinsic coercive force of 5 kOe or more, a
Curie temperature of 300°C or more, and an average particle size of 2.0-50um, and

said rare-earth magnetic powder consisting of an aggregation of magnetic particles surfaced with a coating
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of a metallic layer containing an oxidation-resistant metal.

A magnetic core as claimed in claim 1, wherein said bond magnet comprises said binder resin content thereof
which is 20% or more on the base of a volumetric percentage, said bond magnet having a specific resistance of
1Q - cm or more.

A magnetic core having at least one magnetic gap in a magnetic path thereof, said magnetic core comprising a
magnetically biasing magnet disposed in the magnetic gap for providing a magnetic bias from opposite ends of
the magnetic gap to the core, wherein:

said magnetically biasing magnet comprises a bond magnet which comprises rare-earth magnetic powder
and a binder resin, said rare-earth magnetic powder having an intrinsic coercive force of 10 kOe or more, a
Curie temperature of 500°C or more, and an average particle size of 2.5-50um, and

said rare-earth magnetic powder consisting of an aggregation of magnetic particles surfaced with a coating
of a metallic layer containing an oxidation-resistant metal.

A magnetic core as claimed in claim 3, wherein said bond magnet comprises said binder resin content thereof
which is 30% or more on the base of a volumetric percentage, said bond magnet having a specific resistance of
1Q - cm or more.

A magnetic core having at least one magnetic gap in a magnetic path thereof, said magnetic core comprising a
magnetically biasing magnet disposed in the magnetic gap for providing a magnetic bias from opposite ends of
the magnetic gap to the core, wherein:

said magnetically biasing magnet comprises a bond magnet which comprises rare-earth magnetic powder
and a binder resin, said rare-earth magnetic powder having an intrinsinc coercive force of 10 kOe or more, a
Curie temperature of 500°C or more, and an average particle size of 2.5-50um,

said bond magnet comprising said binder resin content thereof which is 30% or more on the base of a volumetric
percentage, said bond magnet having a specific resistance of 1Q - cm or more, and

said rear-earth magnetic powder consisting of an aggregation of magnetic particles surfaced with a coating
of a metallic layer containing an oxidation-resistant metal, said metallic layer being surfaced with a coating of
a glass layer consisting of low-melting glass having a softening point which is lower than a melting point of
said oxidation-resistant metal.

A magnetic core as claimed in any one of claims 1 to 5, wherein said oxidation-resistant metal is at least one metal
or alloy thereof selected from a group of zinc, aluminium, bismuth, gallium, indium, magnesium, lead, antimony,
tin, and/or magnetic powder comprises said oxidation-resistant metal and said low-melting glass total content
thereof which is 0.1-10% on the base of a volumetric percentage, and/or

said binder resin is a polyamideimide resin.

An inductance part which comprises the magnetic core as claimed in any one of claims 1 to 6 and at least one
winding wound by one or more turns on said magnetic core.

A magnetically biasing magnet for use in a magnetic core having at least one magnetic gap in a magnetic path
thereof, said magnetically biasing magnet being disposed in the magnetic gap for providing a magnetic bias from
opposite ends of the magnetic gap to the core, wherein

said magnetically biasing magnet comprises a bond magnet which comprises rare-earth magnetic powder
and a binder resin, said rare-earth magnetic powder having an intrinsic coercive force of 10 kOe or more, a Curie
temperature of 500°C or more, and an average particle size of 2.5-50um,

said bond magnet comprising said binder resin content thereof which is 30% or more on the base of a vol-
umetric percentage, said bond magnet having a specific resistance of 1Q - cm or more, and

said rare-earth magnetic powder consisting of an aggregation of magnetic particles surfaced with a coating
of a metallic layer containing an oxidation-resistant metal, said metallic layer being surfaced with a coating of a
glass layer consisting of low-melting glass having a softening point which is lower than a melting point of said
oxidation-resistant metal.

A magnetically biasing magnet as claimed in claim 8, wherein said oxidation-resistant metal is at least one metal
or alloy thereof selected from a group of zinc, aluminium, bismuth, gallium, indium, magnesium, lead, antimony,
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tin, and/or
said magnetic powder comprises said oxidation-resistant metal and said low-melting glass total content there-
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FIG. 3B

22



EP 1209 703 A2

0G¢

¥ "DId
[00] WH

05} 00} 05

. -jeasy

jusuwi

LT
DYy

ual
-lgal] —e—

ON

ol

0c

0

0)4

0§

09

04

08

06

[-1(zHx%004) 77

23



EP 1209 703 A2

Q08¢

002

S OId

0G1

[20] WH

00} 0S

juawi

-jeai|
1eay —©
Jauy

WENY
-leolf —e—

ON

0}

0c

o€

oy

0s

03

0L

08

06

[-1 (zHM004) 7

24



EP 1209 703 A2

0S¢

9 'Ol

[e0] wH
00¢ 0si 00l 0 oo
%‘.@/@ / ol
/ 074
%/ og
oy
uswi // 0
-jeal|
S \
BYy / w/ 09
. 02
_jusw /// w
-jeal] —e—
06

(-1 (ZHM001) 7

25



EP 1209 703 A2

0S¢

ARSI

[30] wH
00¢ 06! 004 0g oo
Q j 0ol
/ 0¢
% Q€ -
o¥
uaw % / 0%
-less]
e |
BYy / / 09
0L
e //Z
-jeal| —e—
oN = ggeior
06

[-1(zH%00)) 7

26



EP 1209 703 A2

0S¢

00¢

8Ol

[e0] WH

05t 001

0S8

 Jeauy.

juswl

jeay’
layy

s
-jeal] —e—
ON

]2

0¢

o€

oy

0s

09

0L

06

[-1(zHM00}) 7

27



EP 1209 703 A2

6 "Old

[80] WH
052 002 0GL 00t 0g oo
o= (038
% 0c
% (037
usw / 0gs
Jeal]
. K /
Bayy M / 08
0L
s ﬂ/
-jeal) —e—
ON 08
— 06

[-](ZHM001L) 17

28



EP 1209 703 A2

0S¢

00¢

0L "Old

oSt

[20] wH

001 0S 0

juauwl

-jeaq
JesH
12y

juswi
-jeal] ——

ON

Ol

0¢

0t

oy

0S

09

0L

08

06

(-1(zH4004) 77

29



EP 1209 703 A2

b OId

[e0] Wy

052 002 051 001 05 o
ot
0¢
\ N .
| 4 o
Y .
Uwige L —m— K % 09
uwo6—0o— K 0/
W09 —»— / 08

uwgg—-o—
06

UL —e—

00}

[-](zH3001) 7

30



EP 1209 703 A2

¢l Oid

[e0] WwH
0S¢ 002 0S5t 001 0s Oo
— g |

01
/ 0¢
0E
ot
0G

UWWQZ | —m—
— 09

UWg6—_1—
0L

U9 —¢—
08

UWwpE —-O— Ti

06

UL —8—

001

[-](zH100}) 7

31



EP 1209 703 A2

0G¢

00¢c

€l Ol4

05}

(0] WwH

001

0S

gy | —m—

Q6o

VWY —x—

ulige—o—

uwp —e—

ol

0c

01

ov

0§

09

0L

08

06

001

[~](ZHM00L) 7

32



EP 1209 703 A2

0S¢

00¢

71 "Dld
[e0] WH

St 001

0G

M*”Tﬁ

ulgy ] —m—

uluos -

NUQG-—¢—

WOE—O—

Ui —e—

ot

0c¢

o€

oy

0S

09

0L

08

Q6

00}

(-] (zHd00L) 7

33



EP 1209 703 A2

0S¢

Gl "Old

00c 0s1

[80] WH

001

0S

S

\

Uwiog L —m—

UIIQ6 -

UG —¢—

WWIQE ~0—

Ul —e—

0l

0c

0g

oy

0S

09

02

08

06 -

00l

[-1(zk00L) 7

34



EP 1209 703 A2

0S¢

SI ©id

[s0]wWH
002 051 00} 0S oo

—sls P

02

ot

\ i

I\ -

UIUQZ | —m— / / 09

ulips - % 0L

UGG —x— //M o8

UWOE —O-- gg

g —e—

00}

[-1 (zHd001) 1

35



EP 1209 703 A2

05¢

00¢

0s

UlwQZ L —m—

UG ——

UIWQ9—x—

UNLQE—~O—

wuwp —e—

01

0¢

og

oy

0G

09

0L

08

06

0ol

(-] (ZHM00L) 77

36



EP 1209 703 A2

0S¢

81 Ol

[30] WH
00¢ 041 0oL 0S oo
]2
0¢
\ .
or
0S
Uz | —m— 09
LIIQG—{1— oL
UILUQY—>¢— % o3
Wwog-—-o—
06
uwp —e—

00l

[-1(zH3004) 7

37



EP 1209 703 A2

61 'Ol

[90]WwH
052 002 05} 001 05 0,
H/c}aﬂﬂ.j oL
0z
L\ .
i\ ”
Al .
WWIOZ | —m— /M// 09
OB ~0— /% o
W09 —e— %m m%%
UIwgg—o— »
o —e—

0ol

(-1 (ZHM00L) 7

38



EP 1209 703 A2

0Ge

00c

Oc Old

0GL

(O] WwH

001

08

Mg | —m—
uwgg -
WWQ9—¢—

UlwQg~o0—

uiu) —e—

ot

0¢

ot

or

0S

09

0L

08

06

00}

[-1(zHM004) 77

39



EP 1209 703 A2

tZ "Old

feO] wH
0S¢ 00¢ 0s} 001 0S
\\
uwipg | —m-— A
uwo6—-o—- /&/
UIQY ——
uwgg—-o— ‘ﬂ
uuQ —e—

ot

0¢

0g

oy

0§

09

0L

08

06

0oL

[-1(zHMOOL) 7

40



EP 1209 703 A2

~¢¢ DId

0l

¢

o€

o

0G

08

0.

08

06

[20] wH
omﬂml oom. 051 001 0S 0
\
unuge L —am— /Z

U6~ h%/
WG ——
uiwgg—o—

uiwg —e—

001

[-1(zHM001) 7

41



EP 1209 703 A2

£€¢ Dld

[80] wH
0S¢ 002 051 001 05 0

ol

0Z

0g

| o

| -

UWIOZ | —m— /M 09
U060
U9 —>¢—
UIWIOE—0—

06
Uwg —e—

[-](ZH100L) T

42



EP 1209 703 A2

0G¢

00¢

0s

UILIOZ | —me~

UILO6 1

UWO9—x—

UIOE —O—

Mg —e—

0l

0¢

o€

o

0s

08

02

08

06

1[¢18

[-1(zHMooL) 7

43



EP 1209 703 A2

S¢ Old

[eO1wH
0S¢ oow 0GlL 001 0S oo

0C
0e
oy
0S
uwgg | —m— 09
UG -0~ 0/
UWUWO9—x— o8

uwge—o—
06

UiwQ —e—

001

[-1(zHMooL) 1

44



EP 1209 703 A2

06¢

(014

8¢ Ol

oSt

[20] WH

001

0%

oz L —m—
Bwg6-—1—-
Q9 —e—

uwQg—~o—

uiwQ —e—

gl

0c

0t

oy

0g

038

0L

08

06

1001

[-] (zH¥004) 17

45



EP 1209 703 A2

L¢ "Old

[e0] wH
0sZ 002 051 00! 0S oo
i SN 0l
02
0¢
o
0S
e | —m— 09
UIIO6 —— o/
uiug
WG —e— \ 08
UWgE—o-—
06
e -
00l

(=] (ZHM001) 77

46



EP 1209 703 A2

8¢ "Old

000001 00001 0001 001 o}
—
.&4
oV
o %dl
vyoVv
% oV
o« OV
o
Y.,
umwog v
umugg o
uwIgg v
mup e

0§

09

0L

47



EP 1209 703 A2

6¢ 9Old

[ZHA]
000001 00001 0001 001 ol b
0s
v - GS
w
59
oy
v 0/
O
qﬂ .
UwIge v ¢
7 08
unugg o v o e o ®
M 3‘.‘.‘!@. L J L ® * | [ mm
unuge v w v
—506
uwg e v

G6

n
48

(-]



EP 1209 703 A2

0t "Old

[ZHM] &
00000} 0000} 000} 0oL ot L
05
55
09
59
. 0z
U6 v m Y
o | SRRy 00 §E 4
ulwQ ®

06

v

(-]

49



L€ Old

EP 1209 703 A2

(zH4] 4
000001 0000t 0001 001 ot L
0%
GG
09
g9
JM 0L
m 72
uiwpg v Y
s 08
® ® e & 0 9 ® e L] )
uluigg o . QO“ 4#4 Y v Y Y v 4 v f
r e ® ALBIPY voumommems) 5o © —7 68
UIgE ¥ T 7 %4 vV VvV vV v v 2
t %ﬂddd
o 06
uiig e

G6

n

[-]

50



EP 1209 703 A2

¢t Old

[ZH4] )
000001 00001 000! oL {
o]
B

ulwQg v )3}

uiiQg9 o $

WWOE v 8888 8 8 8 % 3

uiig e g 4

0G

GG

09

g9

0L

Sl

08

7

(-]

51



EP 1209 703 A2

€€ 'Ol

(ZHA] 4
000001 00001 0001 00} 0l
§
¥
¥
Ui v w
¥
uIQg o
5§ B X g
wiose || Veampmp 888 5 8 8§ B
uiug e

0S
GG
09
G9
0L
GZ
08
G8
06

G6

n

[-]

52



EP 1209 703 A2

e "Old

[ZHx] 4
000001 00001 0001 001 0l
®
A 4
[ ]
g,
%
T,
Ve
uiwge v aww
unog o a«::: r I k ’
uwgg v
ujwip o

0S

09

04

08

06

001

oLl

2]

(-]

53



EP 1209 703 A2

(lawiea.) mojas roye) uy

(uaunean moye. saye) (0ad-fo%g)+uz
(luawresn moyjai 1eye) (OGd-*0%a-Quz)+uz
(iuswyeay moyal alojaq) uz

(luauneas; moyas a10j0a} (0ad-S0%a) +uz
(uaunean moyas a10§8q) (04d-S0°8-QUZ) +uz
defi u; papasuy jsubeuw oN

Rt VaE e
ull.O.lll

| - 1

(1]3

0c

0ot

ot

0S

(-1 (zHY001L) 7

54



EP 1209 703 A2

060001

9t OId

(zZHA] 4
0000} 0001 001 102 b
N ~ 0G
T ~ (uowieanmopelrdyRluz g | | sg
- (uawyeayn moyos soye) (Oad-0’gHuz v
(luswesn mojjel soye) (0qd-f0°g-ouzl+uz O [ 09
Dy (iuswijealy moyel a10480) UZ ]
(uewjeasn moyas si0jeq) (Oad-0°gHuz v I 9
(luawyean mopes atojaq) (0Qd-*0%g-ouZituz @
. _ |amm ui papasu jsubewioN ¢ Jos
1 3
SL
% .
+ w*®?? v v v T v 08
ooe® PO VXX 5 © O g B g m
L 3 * 4 <+ * 4 m,mw
< = "‘
Qla‘ x4 mam X - 06

G6

n

(-]

55



EP 1209 703 A2

L€ Ol

[zHl
00000} 00001 000} 00} 0l
]
On
mll
X
-
X
|
X L] ] u "]
o s | 2555 55 & §
uz+(094-°0%a) © ratx—0
P v v
uz+(0ad-*0°g-ouz) X
%E UZ X
poleoa JON =

00¢

0ce

Ove

09¢

08¢ .

0gg

0ce

ove

17

56



	bibliography
	description
	claims
	drawings

